INTRODUCTION {#sec1-1}
============

Ascites remains the commonest of the three major complications of advanced or decompensated cirrhosis (along with hepatic encephalopathy and variceal hemorrhage). Cirrhotics with ascites have 10% probability of developing the first episode of spontaneous bacterial peritonitis (SBP) over a period of one year.\[[@ref1]\] SBP is defined as the infection of ascitic fluid (AF) in the absence of a contiguous source of infection and/or an intra-abdominal (and potentially surgically treated) inflammatory focus. A total of 50% of SBP episodes are present at the time of hospital admission, while the remainder are acquired during the hospitalization period.\[[@ref2]\]

The prevalence of SBP in patients of cirrhosis with ascites range between 10% and 30%, depending on whether antibiotic prophylaxis is used or not.\[[@ref3]\] The mortality of untreated SBP remains high (\>80%), and patient course and clinical outcome is based on an aggressive approach aiming to rapid diagnosis and prompt initiation of antibiotic therapy.\[[@ref4]\] Although prompt initiation of antibiotics produces satisfactory response in most cases, the mortality still remains very high at 30%-50%.\[[@ref5][@ref6][@ref7]\]

Diagnosis of SBP {#sec2-1}
----------------

Abdominal pain and fever are the most characteristic symptoms of SBP, followed by vomiting, ileus, diarrhea, hepatic encephalopathy, gastrointestinal bleeding, and renal impairment.\[[@ref3][@ref8][@ref9]\] These clinical manifestations of SBP can be subtle and insidious, and its diagnosis requires a high index of clinical suspicion. Moreover, many patients with SBP may be totally asymptomatic.\[[@ref3]\] Therefore, a clinical diagnosis of infected AF without a paracentesis is not adequate.\[[@ref1]\] Abdominal paracentesis is considered necessary for all patients with ascites on hospital admission, in-patient cirrhotics with ascites who develop the following:

Local symptoms or signs of peritoneal infectionClinical systemic signs of sepsis,Hepatic encephalopathy, (sudden or unexplained), renal impairment, and/or who develop gastrointestinal bleeding.\[[@ref3]\]

Although the combination of an elevated polymorphonuclear neutrophilic leukocyte (PMNL) count and the yield of cultures of the AF are considered the gold standard for the diagnosis of SBP,\[[@ref3][@ref10][@ref11]\] an AF PMNL count ≥250/mm^3^, irrespective of the AF culture result, is universally accepted nowadays as the best surrogate marker for diagnosing SBP.\[[@ref12]\] The presence of positive AF cultures is confirmatory, but by no means a necessary prerequisite for instigation of antibiotic therapy.\[[@ref4]\] The shortcomings are- first, the results of AF culture not readily available, postponing the diagnosis and treatment of the infection. Second, one of the most frequent variants of AF infection is culture-negative neutrocytic ascites despite the use of sensitive methods, which occurs in approximately 30%-50% of patients.\[[@ref3][@ref10][@ref11]\]

Furthermore, facilities to do a quick total and differential leukocyte count may not be easily available, especially in some small patient care units especially in the rural settings and after routine hours. Manual AF PMNL cell count sometimes cannot be done on emergency basis and is prone to human errors. It is also laborious. The use of automated cell counters requires an expensive machine in addition to round the clock availability of lab facility.\[[@ref13]\]

Thus, there is need for a quick, simple, and rapid bedside diagnostic test for SBP. Leukocyte esterase reagent (LER) strips, developed initially to test for PMNL in urine,\[[@ref14]\] have shown to be sensitive and accurate predictor of presence of PMNL other body fluids such as pleural fluid,\[[@ref15][@ref16]\] cerebrospinal fluid, seminal, peritoneal fluid,\[[@ref17]\] and otitis media effusions.\[[@ref18]\]

Despite the fact that these reagent strips are not specific for PMNLs, their diagnostic performance is promising.\[[@ref13]\] When used on AF, leukocyte esterase (LE) test can act as a marker of AF infection.\[[@ref15]\] In studies in developed countries, this test reduced the time for diagnosis of SBP from a few hours to a few minutes.\[[@ref19]\]

In developing countries like India with a large rural population, the need for a sensitive and rapid bedside diagnostic test for SBP is even higher.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 103 patients admitted in ward of Pt. B. D. Sharma PGIMS, Rohtak with clinical diagnosis of cirrhotic ascites, were included in the study. The diagnosis of cirrhosis with ascites was based on clinical, biochemical, and ultrasonographic findings.\[[@ref20]\] Peripheral blood samples were obtained for white blood cell (WBC), PMNL counts, biochemical markers (glucose, albumin, creatinine, lactic dehydrogenase, and bilirubin) and coagulation parameters evaluation. The mean age of patients were 44 ± 15 years, there was a predominance of males (61 patients, 59%). Alcohol was the most common cause of liver cirrhosis. A total of 47% of patients were classified as Child B and 53 as Child C (51%). The demographic characteristics of the study population are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Characteristics of 103 cirrhotic patients who underwent the paracentesis
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Patients with previous history of a surgical procedure in the previous 4 weeks were excluded from the study, as well as those with other causes of PMNL increase in the AF such as tuberculosis, pancreatitis, and peritoneal carcinomatosis.

First, the patients underwent paracentesis as dictated by standard medical practice and immediately after the procedure, some amount of AF was sent to the laboratory in tubes containing heparin for determination of total and differential WBC counts. Another tube without anticoagulant was used for determination of protein, albumin, glucose, and lactic dehydrogenase. Patients in whom:

AF was grossly bloody\<30 mL of AF was obtained during paracentesis, andAF samples that have clotted during processing were also excluded from the study.

The cultures were seeded at bedside with the inoculation of 10 mL of AF into aerobic and anaerobic media blood culture bottles.

The reagent strip (Multistix 10SG) was immersed immediately in 5mL of AF placed on a dry and clean container as described by the manufacturer for identification of leukocyte esterase. After 2 min, the reagent strip was read comparing the colour of the leukocyte reagent strip area with the colorimetric 5-grade scale depicted on the bottle. Based on the degree of colour change in the reagent strip area, the results were scored as grade 0 or nil, grade 1 or traces, grade 2 or low, grade 3 or moderate, and grade 4 or high. Reading of nil and trace was considered negative and not clinically significant; while reading of low, moderate, and high were considered as positive and clinically significant. This is supported by the manufacturer\'s guidelines (package insert) and the recommendations of Marquette *et al*.,\[[@ref21]\] for urine testing.

SBP was diagnosed when the PMNL count was greater than 250 PMNL/mm^3^, in the absence of another intra abdominal source of infection. Culture positive neutrocytic cases were identified. Culture negative neutrocytic ascites was present when PMNL was greater than 250 PMNL/mm^3^ but the culture was negative. In patients with hemorrhagic ascites \[i.e. ascites red blood cell (RBC) count \>10,000/mm^3^\], a subtraction of one PMNL per 250 RBCs was made. Secondary peritonitis was suspected when there was an abdominal source of infection, acute pancreatitis, or more than one organism in the AF culture.

Statistical analysis {#sec2-2}
--------------------

Results of dipstick test were compared with PMNL cell count, AF culture and clinical data in all patients. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy and likelihood ratio of dipstick at different positive cut-off points (≥2, ≥3, and ≥ 4) in the diagnosis of SBP were calculated. Receiver operating characteristic (ROC) curve was elaborated to determine the best positive cut-off point for the reagent strip.

RESULTS {#sec1-3}
=======

Of total 103 patients studied, 20 were found to have neutrocytic ascites on the basis of AF PMNL count. AF culture was positive in 11 of these cases (55%), with *Escherichia coli* in 10 cases, *Streptococcus* and *Candida* (mixed) species in one \[[Table 2](#T2){ref-type="table"}\].

###### 

LE test scores and AF culture results of ascitic fluids with PMNL count ≥250 cells/mm^3^
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Rest of the 83 patients, did not have neutrocytic ascites. LE reagent strip test results were positive in 22 patients taking grade 2 as cut off with 14 having scores of low, 4 of moderate and 4 as high, 8 were positive taking grade 3 as cut off and 4 when taking grade 4 as cut off. [Table 3](#T3){ref-type="table"} shows final diagnosis of AF samples and Multistix 10 SG Reagent Strips test result.

###### 

Final diagnosis of AF samples and Multistix 10 SG reagent strips test result
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Of the 20 PMNL count positives specimens, LE test was positive in 19 taking grade 2 as cut off. The one left had PMNL count of 250 cells/mm^3^ showed trace in LE score, so considered false negative. The rest 3 (22-19) LE positive score thus were false positive. The remainder 81 patients of 103 were found to be negative on LE test, had scores of nil and trace.

The final results of LE test in all 103 patients with grade 2 as cut off were evaluated as shown in [Table 4](#T4){ref-type="table"} and patient\'s distribution according to the LE test results and PMNL count are shown in [Figure 1](#F1){ref-type="fig"}. [Table 5](#T5){ref-type="table"} shows the performance characteristics of LERS, using three different cut-offs in the diagnosis of SBP.

###### 

Evaluation of results of LE test in all patients with Grade 2 as cut-off
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![Patients distribution according to the LE test results and PMNL Count](IJCIIS-5-32-g005){#F1}

###### 

Performance characteristics of LERS, using three different cut-offs in the diagnosis of SBP
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Considering the very high mortality of SBP the best cut-off point should be chosen based on the highest sensitivity achieved and the lowest false negative rate observed. This was reached with a cut-off point of grade 2 (though the specificity was slight less as compared with cut off of 3 and 4) and was later confirmed by the results of the ROC curve. However, in the clinical context of SBP, it may be better to use the cut-off with a highest sensitivity, even at the cost of some false positives, that is, grade 2. [Figure 2](#F2){ref-type="fig"} shows the ROC curve of the LE test taking 1, 2, 3, and 4 as cut offs and [Table 6](#T6){ref-type="table"} shows its area under the curve. The ROC curve with cut off as 2 has the maximum area under curve of 0.957, which suggests cut off of 2 is the best.

![ROC curve of the LE test taking 1, 2, 3 and 4 as cut offs](IJCIIS-5-32-g007){#F2}

###### 

Area under the ROC curve of the LE test taking 1, 2, 3, and 4 as cut offs
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The mean time taken for cell count results from our laboratory was 2.7 h (range: 105--180 min), whereasthat for LER test was 2 min. The cost of each test was Indian Rupees (INR) 15 for the LER strip test and INR 300 for cell count.

DISCUSSION {#sec1-4}
==========

The test is based on the esterase activity released from granulocytes present in the AF that reacts with an esterified chemical compound (derivatized pyrrole amino acid ester) in the reagent strip. Hydrolysis of this ester by esterase release 3-Hydroxy-5-phenyl-pyrrol which in turn reacts with a diazonium salt (present in the reagent strip) to yield a violet azo dye, the intensity of which correlates to leukocyte count.\[[@ref22]\]

The study reveals that at the threshold of 250 PMNL/mm^3^ in AF, LE test is highly sensitive (95%) and specific (96.4%) for the diagnosis of AF infection (grade 2 as cut off).

Sometimes, there is formation of the leukocyte clump in AF which precludes the laboratory analysis.\[[@ref23]\] In our study, repeat AF samples were required on six occasions, but we do not have data regarding the reason. An additional advantage to the chemical LE test is that it detects the presence of leukocytes that have been lysed and would not appear in the microscopic examination, accounting for its high sensitivity.\[[@ref24]\]

There are many factors that influence the accuracy of the dipsticks. False-positive result can result from alteration of pH, osmolality, and temperature of the specimens. In urine, it has been demonstrated that the rate of leukocyte lysis decreases with decreasing pH and temperature, increasing osmolarity.\[[@ref25]\] In addition, non-leukocyte cells can release esterase such as from pancreas and produce a false positive result.\[[@ref26]\] PMNL can release leukocyte esterase into the extracelullar milieu. Crenation of leukocytes prevents release of esterases. Moreover, antibiotics can produce both false positive and negative results,\[[@ref27]\] as the presence of the antibiotics decreases the sensitivity of the reaction. Finally, requirement of proper lighting to read the reagent strip colour scale, variability in colour perception, and variability of manual cytology are potential sources of inherent human error.

The false-positive rate is 4%. This information suggests that a precise colorimetric scale for 250 PMNL/mm^3^ is essential for an ideal dipstick to detect SBP.

The false negative result was found in one patient (5%), and it was confirmed that the patient with false-negative result did not receive antibiotics prior to abdominal paracentesis.

False-negative results may also occur in the presence of high concentrations of protein (greater than 500 mg/dL), glucose (greater than 3 g/dL), oxalic acid, and ascorbic acid. In this reaction, ascorbic acid also combines with the diazonium salt.\[[@ref28]\]

Interestingly, the false-negative specimen had the manual PMNL cell count of 250/mm^3^, suggesting that the borderline number of PMNL cells in the specimen may lead to a false negative result. Although culture of this sample yielded two organisms (streptococcus species and candida species), the results of the reagent strips could perhaps be explained by lack of esterase activation in that AF sample.

A more detailed analysis of AF properties (pH, osmolarity, and protein content) may help determine source of false readings.

Overall in all 103 AF samples (83 PMNL negative and 20 PMNL positive) tested, the LE test performed well, especially in terms of specificity, specificity, and NPV. Particularly their high NPV value, make them a useful bedside screening tool, especially in the ambulatory setting such as outpatient clinics or in the emergency room, where the constraints of time and resources lead practitioners not to perform standard AF analysis. In patients with negative LE test, SBP, a disease having high mortality, can be ruled out with a high degree of certainty. Conversely, the satisfactory PPV of these strips substantiates the immediate start of appropriate antibiotic therapy in cases of positive testing, without any delay.

Vanbiervliet *et al*.\[[@ref29]\] published the first study on the use of LER strip test in AF. They studied 72 consecutive patients with liver cirrhosis using *Multistix 8* SG strips, the most frequently used urinary reagent strip in France and found the sensitivity and specificity of this test for the diagnosis of SBP to be 100% each. Since then, studies from different parts of the world have confirmed these results. The sensitivity of urinary reagent strips in these studies for the diagnosis of SBP has ranged between 85% and 100%, and the specificity between 98% and 100%.\[[@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37]\] In India, till date only two studies have been published on the use of LERS in AF. They reported the sensitivity and specificity as follows: Jha *et al*.\[[@ref23]\] using multistix 10SG as 77.77% and 95.12% and Balagopal *et al*.\[[@ref38]\] using Magistik-10 as 97% and 89%, respectively.

Sapey *et al*.\[[@ref13]\] showed that different brands can achieve different accuracy in the diagnosis of SBP. The authors compared two different reagent strips (MultistixSG x Nephur-Test) finding that the Nephur-Test seems to out-perform Multistix SG. However, in another study conducted in both Europe and USA, the same authors did not find any difference between the two types of reagent strips.\[[@ref33]\] Hence, we consider that further studies would be necessary to determine the best reagent strip brand that should be used for the prompt SBP diagnosis.

The limitations of the strip test include absence of a cut-off corresponding to cell count of 250 PMNL/mL in the reagent strip, and the possibility of inter-observer variation in matching of colour. Thus, it may be useful to confirm grade 2 colour changes with cell count. Further, it may be possible to manufacture modified test strips specifically for the diagnosis of SBP, such that colour change corresponds to a cut-off for 250 PMNL/mL of fluid.

CONCLUSION {#sec1-5}
==========

Taking into account our results and those of the above-mentioned studies, we believe that the reagent strip could be a feasible option for a faster and cheaper diagnosis of SBP. The delay of SBP diagnosis is still frequent, mostly in hospitals with limited laboratory facilities, bringing serious consequences for life expectancy in cirrhotic patients. Thus, we should find a low-cost method that could be used anywhere and whose results could be readily available for a fast diagnosis of this infection. The good accuracy of this method along with its simplicity and the fact that it takes only 2 min to complete, makes it a promising diagnostic tool that could save lives by prompting early diagnosis and treatment of this life-threatening condition. However, it does not suggest that standard AF analysis be systematically replaced by the use of LER strips, but a positive result is surely an indicator for starting empirical antibiotic therapy, and a negative result excludes SBP with a high degree of certainty.

There is reasonable amount of evidence to support the use of LERS in the work-up of patients suspected of having SBP. Remote hospitals, less affluent health systems, and busy junior clinicians should realize the benefit of LERS and incorporate them in their AF handling routine. It is a kind of "new kid on the block" that has just appeared in the race against SBP; if further validation studies worldwide are supportive, it is set to become the mainstream process for handling AF samples with essentially no additional resources required.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
